the debate about surgical resection of primary tumor (pt) in de novo metastatic breast cancer (MBc) patients persists. We explored this approach's outcomes in patients included in a retrospective registry, named El Álamo, of breast cancer patients diagnosed in Spain (1990Spain ( -2001. In this analysis we only included de novo MBC patients, 1415 of whom met the study's criteria. Descriptive, Kaplan-Meier and Cox regression analyses were carried out. Median age was 63.1 years, 49.2% of patients had singleorgan metastasis (skin/soft tissue [16.3%], bone [33.8%], or viscera [48.3%]). PT surgery (S) was performed in 44.5% of the cases. S-group patients were younger, had smaller tumors, higher prevalence of bone and oligometastatic disease, and lower prevalence of visceral involvement. With a median follow-up of 23.3 months, overall survival (OS) was 39.6 versus 22.4 months (HR = 0.59, p < 0.0001) in the S-and non-S groups, respectively. The S-group OS benefit remained statistically and clinically significant regardless of metastatic location, histological type, histological grade, hormone receptor status and tumor size. PT surgery (versus no surgery) was associated with an OS benefit suggesting that loco-regional PT control may be considered in selected MBC patients. Data from randomized controlled trials are of utmost importance to confirm these results.
addition, breakthroughs in diagnostic technology (i.e., PET/TC) now allow the detection of early and asymptomatic metastatic disease. The lower tumor burden in limited stage IV disease makes it potentially more responsive to treatment [9] [10] [11] .
Because of these advancements in diagnostics and therapies, clinicians are increasingly acknowledging that MBC patient survival prospects are improving [12] [13] [14] and even challenging the paradigm of incurability in selected cases of de novo MBC patients [15] [16] [17] , particularly those with oligometastatic disease [18] [19] [20] . Stemming from the "long-term MBC survivor profile" concept, the role of local therapies is being re-examined beyond its traditional palliative intent and into a potentially curative one 21 .
Retrospective reports and meta-analyses suggest a survival benefit associated with surgery of the primary tumor (PT) in MBC patients, especially when surgical margin is tumor free [22] [23] [24] . Thus, surgery may be considered an option in the algorithm for management of selected MBC patients besides the generally accepted hygienic indication as prevention of local complications (infection, ulceration or bleeding). The achievement of locoregional control of the tumor has been tried through surgery but radiotherapy's role has also been studied in this setting 25, 26 . Due to the retrospective nature of these studies, reasonable concerns emerged regarding the consistency of the available clinical data 27, 28 . Further, recent work, a U.S.-based prospective registry (TBCRC013) and two randomized clinical trials from Turkey and India [29] [30] [31] , have reported conflicting results regarding the impact of PT locoregional treatment on OS. Therefore, international guidelines recommend PT surgery only in selected patients while awaiting for the final results of ongoing clinical trials (ECOG 2108/NCT0124800, SUBMIT/ NCT01392586, JCOG 1017/UMIN000005586 y ABCSG 28/POSYTIVE/NCT01015625) 32 .
The biological mechanisms underlying the aforementioned results involve the crosstalk among the PT and metastatic foci, PT immunosuppressive effects, and/or the prevention of metastatic re-seeding from the primary source. Yet, the surgical procedure itself may have negative impacts such as a transient inflammation, turning on the "angiogenic switch" in the wound healing process, and a temporary immunosuppressive state which, subsequently, might imbalance microenvironment-tumor interactions eventually triggering the metastatic cascade [33] [34] [35] [36] [37] .
The main aim of this work was to study the prognostic value of PT surgical excision, in the presence of other well-known prognostic factors, in MBC patients with OS as the outcome of interest. The objective of the analysis was to clarify the role of a locoregional approach to the PT in de novo MBC patients in a real-world retrospective series. Our ultimate purpose is to evaluate this treatment as a valid option to be included in the national clinical protocol for this patient population. All patients were diagnosed and treated in various Spanish health care institutions included under the umbrella of GEICAM Spanish Breast Cancer Group.
patients and Methods
El Álamo study is a cooperative epidemiologic initiative conducted by GEICAM in order to characterize breast cancer (BC) cases diagnosed in Spain. El Álamo is a retrospective registry of patients diagnosed with BC between 1990 and 2001 across 56 Spanish hospitals. The patterns of BC presentation (tumor and host characteristics), the different treatments received, and the clinical evolution of the disease were described and structured in 3 cohorts collected in consecutive 4-year intervals as follows: El Álamo I (1990) (1991) (1992) (1993) 4551 . This database is estimated to comprise approximately 15% of the newly diagnosed BC cases in Spain within this period and to reflect clinical practice in the country at each time point. Participating investigators, which included all the medical oncology department staff members of the participating hospitals, were required to include all BC patients seen in those institutions over the entire annual study period.
Only women with invasive de novo MBC were included in the current analysis. Patients with stage I-III at initial diagnosis and later recurrence, with secondary tumors, with fewer than 2 months' follow-up at the same institution, and with missing data regarding their PT surgery were excluded. The criteria to perform PT surgery were defined by institutional guidelines as per investigator discretion.
A total of 39 variables including demographic (age and menopausal status), primary tumor staging (TNM classification), pathology (hormonal receptor status, grade and histological type), and local plus systemic treatment data were selected for this analysis.
Data were collected following the requirements of the Spanish legislation for privacy data protection at the time: the Spanish Organic Law of December 13 th , 1990 of Personal Data Protection. Observational retrospective studies based on patient charts required neither patient informed consent nor ethical committee approval. We submitted our study to a present-day ethical committee, Hospital Universitario Parc Tauli at Barcelona, which reviewed and confirmed the procedures followed guaranteed patient's data confidentiality and were in compliance with the rules established at that time.
Statistical Analysis
Categorical variables were expressed as the absolute and relative frequencies. Continuous data were expressed as central tendency and dispersion measures (mean, median, trends, range). Baseline differences in categorical variables were assessed by the Chi Square test (Χ 2 ) or the Fisher exact test when appropriate. OS was defined as the time from the year of diagnosis to death from any cause or to last follow-up visit. OS curves were estimated using the Kaplan-Meier method and survival functions among the different subgroups were compared with the log-rank exact test. The impact of our main variable of interest (PT surgery) and clinically relevant variables (metastatic location, patient's menopausal status, and tumor's characteristics including histological type, histological grade, HER2 status, hormone receptor status, Ki67, expression level of p53, BC subtype, and tumor size) on OS was estimated using Cox proportional hazards regression models. The proportional Hazards assumption was checked using the test based on the correlation coefficient between survival time and the scaled Schoenfeld residuals. All tests were performed using an alpha of 0.05.
Results
Descriptive analyses. We selected 1415 (5.5%) patients with de novo MBC from the database El Álamo. Of these, 1331 patients (327 patients from El Álamo I, 619 patients from El Álamo II, and 385 patients from El Álamo III) met the eligibility criteria to be included in this analysis ( Fig. 1 ). Table 1 shows patient and tumor characteristics, and treatment received. Median age was 63.1 years (range: 21.6-96.0) and 49.2% of them had single-organ metastasis. The metastatic disease was anatomically distributed as follows: skin/soft tissue (16.3%), bone (33.8%), viscera (48.3%) and unknown/unavailable (8.6%).
Initial local treatment was the choice for 380 (28.5%) patients (358 surgery and 22 radiotherapy), 722 (54.2%) patients received initial systemic therapy (480 chemotherapy [CT], 214 endocrine treatment [ET] and 28 both CT and ET), 29 (2.2%) received best supportive care and for the rest of patients the treatment sequence could not be established ( Fig. 2 ).
PT surgery, at any time of the patient evolution, was performed in 44.5% (N = 592) patients (512 radical procedures [86.5%], 46 palliative procedures [7.8%], and 34 unknown [5.7%]). Out of the 592, 427 (72.1%) patients underwent axillary lymph node dissection. Compared to women in the non-surgery group (non-S), women in the surgery group (S) were younger (19.4% of the S group versus 11.8% of the non-S group were ≤44 years-old, respectively), a higher percentage presented with oligometastatic disease (defined as metastases limited to a single organ) than not (57.4% versus 42.6%, respectively), were more likely to have smaller (i.e. ≤T2) tumors (49.2% versus 22.7%, respectively), and were less likely to present visceral disease (40.3% versus 54.4%) but more likely to present bone metastases (39% versus 29.8%, respectively). 6 ) were alive in the S group compared to 68.6% (95%CI, 65.2-72.0) in the non-S group. This S group survival advantage was maintained in the following years with 53.7% of patients (95%CI, 49.4-57.9) being alive in the S group versus 33.5% (95% CI, 29.9-37.2) in the non-S group at 3 years. Finally, at 5 years, survivors decreased to 33.5% of patients (95%CI, 29.3-37.8) in the S group versus 18.7% (95% CI, 15.5-21.9) in the non-S group (Fig. 3b ).
Survival analysis.
Subgroup OS analysis also showed a consistent benefit among the S group across all selected categories of tumor characteristics ( Fig. 4 ).
Univariate analysis for the entire de novo MBC group in the El Álamo registry. PT surgery, metastatic location, histological type, histological grade, hormone receptor status, BC subtype, and tumor size were statistically significant prognostic factors for OS in the univariate Cox analysis. On the other hand, menopausal status (p = 0.144), HER2 status (p = 0.061), Ki67 (p = 0.972), and p53 (p = 0.504) failed to have a significant impact on OS ( Table 2) .
Multivariate analysis for the entire de novo MBC group in the El Álamo registry. Adjusting for all relevant clinical variables in a multivariate model (except BC subtypes and HER2 due to their small sample sizes), the fully-adjusted HR for PT surgery was 0.685 (95%CI, 0.591-0.793; p < 0.001). All the following variables were www.nature.com/scientificreports www.nature.com/scientificreports/ found to be statistically significant in the final multivariate Cox regression analysis: metastatic location, histological type, histological grade, hormone receptor status and tumor size ( Table 3) . Given that HRs for metastatic location and histological type did not meet the proportional hazard assumption, we carried out a sensitivity analysis stratifying the cohort according to these two factors. The HR for PT surgery was virtually unchanged (0.685 in the final model versus 0.684 in the stratified model).
Restricted multivariate analysis (low risk).
Due to the observational nature of the El Álamo study and in order to avoid a possible confusion due to indication bias, we performed an exploratory sensitivity analysis for patients with extreme favorable prognostic features. The definition of this "low risk" population comprised patients with small tumor size (≤T2) and oligometastatic disease. We repeated the multivariate Cox regression analysis in this particular subgroup of "low risk" de novo MBC patients (N = 252).
The median OS for the low-risk subgroup was 40.4 months (95%CI, 33.2-47.7) with 53.2% (95%CI, 46.7-59.7%) of patients being alive at 3 years. The fully adjusted HR for PT surgery was 0.742 (95%CI, 0.518-1.063; p = 0.103), i.e., it failed to be a prognostic factor for this low-risk subgroup. However, metastatic location, histological type, and histological grade remained statistically significant predictors of survival. In addition, year of diagnosis (i.e., El Álamo cohort) was also a significant prognostic factor in this patient subgroup.
Subgroup analysis based on the approach for the primary tumor. www.nature.com/scientificreports www.nature.com/scientificreports/ www.nature.com/scientificreports www.nature.com/scientificreports/ metastatic location (visceral, bone, skin/soft tissue), histological type, hormone receptor status, El Álamo cohort, tumor size, and whether they had single or multiple metastases. However, this benefit failed to reach statistical significance when evaluating it by BC subtypes (due to small sample sizes) or for patients with histological grade III tumors. 
Discussion
The OS benefit observed in de novo MBC patients from El Álamo registry undergoing PT surgery supports previous findings reported by contemporary population-based registries 14, [38] [39] [40] [41] [42] [43] . Two meta-analyses found that PT surgery in these patients was independently associated with improved survival, HR of 0.63-0.69 22, 23 , ranging from 0.5 to 0.8 in the individual series. However, since other studies failed to detect any benefit from PT surgery [44] [45] [46] , findings in this field remain inconclusive. El Álamo data yielded a median OS of 39.6 versus 22.4 months (HR = 0.59, p < 0.0001), for the S and non-S group, respectively. These figures are comparable to the most favorable data reported by previous studies. De novo MBC patients represented 5.5% of the entire BC patient population included in the El Álamo registry. PT surgery was performed in 44.5% of them. These results align with previously reported population-based evidence from other European registries 39, 41 . In El Álamo registry 54.2% of patients received primary systemic therapy and underwent surgery later on.
Although retrospective studies offer valuable information in a very efficient, cost-effective manner, prospective studies are needed to confirm any findings and advance knowledge. For instance, prospective analyses from a US population multicentre registry 29 recently showed that patients selected for surgery were more likely to have oligometastatic disease and to receive first-line chemotherapy. Among responders, surgery was not associated with improved survival for any BC subtype. Several clinical trials were designed to prospectively address this finding, but results from the two randomized trials already reported failed to provide a satisfactory answer. A Turkish study (MF07-01) 30 requiring randomization to loco-regional therapy (LRT) before systemic therapy, reported an OS benefit from initial surgery (median OS of 46 versus 37 months in the S and non-S groups, respectively [HR 0.66, p = 0.005]), suggesting a potential benefit mainly in patients with bone-only metastases (supporting our results), in patients with ER positive/HER2 negative tumors, as well as in younger patients. In contrast, the Tata Memorial study 31 www.nature.com/scientificreports www.nature.com/scientificreports/ who responded to front-line chemotherapy (median OS of 19.2 versus 20.5 months in the LRT versus non-LRT groups [HR 1.04, p = 0.79]). Nonetheless, local progression-free survival (PFS) was significantly better in patients who had LRT (HR 0.16, p < 0.001) in contrast with the significant detriment in distant PFS in patients receiving LRT (HR 1.42, p = 0.012). No differences in survival were detected in the planned subset analysis. In addition, preliminary results from the ABCSG 28 study 47 comparing initial PT surgery versus initial systemic treatment in only 90 patients (the study was terminated early due to low accrual) failed to find OS benefit for immediate PT surgery (HR 0.69, p = 0.267). Two other studies (JCOG1017 and ECOG2108) testing the value of surgery after primary systemic treatment are currently ongoing. Although it is agreed upon that level 1 evidence, e.g., prospective data from these randomized-controlled trials like these, is highly needed to close this long-lasting debate, it remains difficult to obtain in a timely manner. Moreover, the interpretation of their results should be done carefully from a methodological perspective and contextualized with the available body of real-world evidence 48 .
Our results should be interpreted in the context of the study's and registry's limitations. For instance, despite the current evidence of the importance of achieving PT surgery with negative margins for improved outcomes 38, 39, 49 this information was not available in El Álamo database. Similarly, the database did not address the highly relevant aspect of the impact on survival of PT local radiation therapy, usually studied as part of a multimodal locoregional approach. Thus, whether there is an actual benefit of radiotherapy by itself in this setting, the optimal dose, and fractionation remain unknown 26 and, thus, cannot be recommended as a standard procedure.
Additionally, because of the observational nature of our series, we performed a multivariate sensitivity analysis in the "low risk" de novo MBC patient subgroup. By reducing the heterogeneity of both known and unknown prognostic factors potential biases are reduced. Results showed that the prognostic value of PT excision surgery was preserved overall, strongly suggesting that the response of this "low-risk" subgroup of patients to PT surgery is not different from that of the de novo MBC patient population under study.
Subgroup

Number of events/patients (%)
Median OS (months) (95%CI) Table 4 . Subgroup analysis of overall survival in the surgery and non-surgery groups from El Álamo registry. Abbreviations: OS, overall survival; G, grade; BC, breast cancer; HER2, human epidermal growth factor receptor 2; HR, Hormone receptor; T, tumor size. a p < 0.0001; b p = 0.037; c p = 0.083; d p = 0.009; e p = 0.001; f p = 0.002; g p = 0.026.
Further, certain limitations of our data could confound the association between PT surgery and survival, thus affecting how our results inform decision-making algorithms in clinical practice. Specifically, two sources of potential bias should be recognized as selection biases. First, the stage migration phenomenon defining stage IV MBC (TNM-staging classifications changed between 1990 and 2001 in the definition of N3 supraclavicular nodes versus M1); and second, the non-standardized indication of the local procedure which was conducted on a case by case basis, with no pre-defined criteria, based on the physician's discretion.
Also, the lack of on-site monitoring of data compilation and data quality at the different institutions introduces an additional source of variability. Thus, we consider the amount of missing data for the following variables another study limitation: hormone receptor and HER2 status for the molecular sub-classification of patients, surgical procedures, pathological margin status, and chronological order of administration of loco-regional and systemic therapies.
This study also has important strengths. First, to our knowledge this is the largest series performed in Spain (N = 1331) assessing the role of PT surgery in de novo MBC patients' survival. Second, the wide geographical distribution of cases throughout Spain in the late nineties captures the clinical practices in place at that time to manage the controversial aspect of PT surgery as part of the management of a very small but remarkable group of patients. Clinical practices have changed over the last 10-15 years as new treatments have been added to the therapeutic armamentarium. This progress may limit the translational value of the El Álamo results to current clinical practice, but there are still valuable lessons to be learned from them. To address these limitations El Álamo IV (NCT03210974) registry is currently ongoing covering the 2002-2005 period. Moreover, GEICAM is also running, in a parallel fashion, a multicenter prospective registry in the metastatic disease setting (RegistEM, NCT02819882) which will allow the study of how primary tumors are locally managed in a real clinical setting.
Finally, the prognostic value of PT surgical resection may vary by intrinsic subtype, global burden of disease, and/or characteristics of the de novo MBC patients. The definition of the best timing to perform the local approach remains open in the era of molecularly targeted therapy. This is also the case for the need for radiation therapy, the type of surgery required (with or without axillary resection), or even the possibility of foregoing surgery altogether in favor of full radiation treatment.
conclusions
In the El Álamo registry local PT surgery was associated with better OS independently of metastatic location, histological type, histological grade, hormone receptor status, and tumor size. These analyses suggest that LRT of PT should be considered as part of the therapeutic strategy for selected patients with advanced disease. Thus, this strategy must be further investigated in randomized controlled trials for de novo MBC patients to control for potential bias intrinsically associated with retrospective studies. Pre-clinical models and translational correlative studies are needed to understand the biology behind the effect of LRT to the PT in this setting.
Ethical approval and inform consent. Data were collected following the requirements of the Spanish legislation for privacy data protection in the considered period. The specific legislation is the Spanish Organic Law of December the 13th, 1990 of Personal Data Protection.
The specific regulation for observational retrospective studies was developed in Spain in 2009 with the December 16th ORDER SAS/3470/2009, which publishes guidelines on post-authorization observational studies for drugs for human use. The ALAMO study was performed before this legislation was in place so the ethical committees in Spain did not review any observational retrospective study before this legislation was developed.
According to the current regulations for observational retrospective studies in force the informed consent of the subjects is not required since: (1) in the process of data collection retrospectively, a secure dissociation procedure is adopted, ensuring that the information handled in the study does not contain personal data and (2) personal interviews are not required nor are biological samples collected from patients. Each patient receives a number identification for their participation in the study.
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